INTRODUCTION
Bupivacaine HCl 1 is named as 1-butyl-N-(2, 6-dimethylphenyl) piperidine-2-carboxamide; hydrochloride Figure 1 is a long acting amide local anesthetic. Bupivacaine (BP) is utilized for intraoperative local anesthesia, post operative analgesia and in the treatment of chronic pain. BP is widely used in obstetrics. In lumbar epidural anesthesia, the drug appears innocuous to mother and fetus. Systemic toxic reactions, especially cardiac arrhythmias and cerebral convulsions, may occur during BP epidural analgesia because of fast absorption leading to high plasma peak levels. After injection of Bupivacaine Hydrochloride for caudal, epidural, or peripheral nerve block in man, peak levels of Bupivacaine in the blood are reached in 30 to 45 min, followed by a decline to insignificant levels during the next three to 6h. 2 The most commonly reported bupivacaine metabolites have been desbutylbupivacaine, 3'-hydroxybupivacaine, and 4'-hydroxybupivacaine. 3 The pKa 4 value for BP is 8.09. The chemical structure of BP is shown in Figure 1 . Meloxicam (ME) is named 4-hydroxy-2-methyl-N-(5-methyl-2-thiazolyl)-2H-1,2-benzothiazine-3-carboxamide-1,1-dioxide, belongs to the class of nonsteroidal anti-inflammatory drug category (NSAID). ME has low ulcerogenic potency and gastric irritation when compared with NSAID.
5 ME binds strongly to serum albumin (>99%) and reaches a maximum concentration at 4.5h after oral administration. ME is metabolized extensively in the liver into four pharmacologically inactive metabolites that are excreted through urine and feces 6 with absolute bioavailability of 89%. 7 The pKa 4 value for ME is 4.08. The chemical structure of ME is shown in Figure 1 . Combination of Anesthetic and Anti-inflammatory drug therapy in post operative pain medication is the most interested topic in Generic phar-maceutical industry, hence author believes that the simulations estimation method of these drugs in plasma samples would contribute greatly to pharmaceutical industry. In literature survey for estimation of Bupivacaine in plasma, several methods were proposed, such as HPLC, [8] [9] [10] [11] [12] by GC-MS 13 Capillary electrophoresis 14 and by LC-MS. 15 For estimation of Meloxicam in plasma several methods were proposed, such as HPLC. [16] [17] [18] [19] [20] and by LC-MS. [21] [22] [23] As far as we are aware there is no simultaneous UPLC-MS/MS method for estimation of Bupivacaine and Meloxicam in human plasma samples. For measuring Bupivacaine plasma concentra- tions, especially in the later phase of elimination, a highly sensitive assay is required that is affected by neither plasma components nor other drugs given simultaneously. Our present work describes a simple, novel, rapid, sensitive and selective method for simultaneous determination of Bupivacaine and Meloxicam by advanced UPLC-MS/MS equipment. The current method offers many advantages i.e. shorter runtime, less sample volume and can estimate both compounds in a single run. In the current method Bupivacaine-d9 (BPd 9 ) and 16 c, d 3 Meloxicam (ME 13 cd 3 ) were used as internal standards, the chemical structure of BP is shown in Figure 1 . This method can be applied to pharmacokinetic study of plasma BP and ME concentration after oral administration.
EXPERIMENTAL

Chemicals and reagents
High purity water was obtained from Elga purified water system (Germany). Analytical grade Acetonitrile, Formic acid and Dimethyl sufoxide (DMSO) were used and obtained from E. Merck. Lithium-Heparin Plasma was obtained from a local blood blank. The reference standards Bupivacaine, Bupivacaine-d9 (Internal standard) and Meloxicam were procured from TRC Standards (Canada), the 16 c, d 3 Meloxicam (Internal standard) was procured from Chemtos.
Preparation of Standards and Quality control (QC) solutions
Preparation of standard stock solutions Individual standard stock solutions of BP and ME were prepared by dissolving an accurately weighed quantity of BP and ME in DMSO to get final concentration of 2500 µg/mL. The solutions were further diluted to achieve standard working solutions of desired concentrations.
Preparation of Internal standard stock solutions
Individual standard stock solutions of BPd 9 and ME 13 cd 3 were prepared by dissolving an accurately weighed quantity of BPd 9 and ME 13 cd 3 in DMSO to get final concentration of 100 and 500 µg/mL. Note 1: The internal standards weighing was carried out under yellow light due to light sensitivity of Bupivacaine and Meloxicam. All standards were stored at -20ºC and brought to room temperature before analysis.
Preparations of working solutions, calibration standards (CC) and QC samples
The standard solutions were used to spike in blank plasma samples either for CC or QC standards of BP and ME during the validation. Calibration standards were prepared in plasma with the concentrations of 10, 20, 50, 150, 500, 1500, 4500 and 5000 ng/mL. QC samples were prepared with blank plasma at LLOQ, low, medium and high concentrations of 10, 30, 250, 2500 and 4000 ng/mL.
Preparation of Plasma Samples
Standards, QC solutions, Blank matrix and system suitability test (SST) solutions were thawed and vortex-mixed for approximately one minute before pipetting. The calibration standards were prepared in preparation tubes by adding 50 µL working standard solutions at each concentration. 50 µL of pooled human plasma was added into the Blank, Blank+IS and carry over Blank tubes. 50 µL of QC samples and SST samples were added to respective tubes. 50 µL of IS was added into the Blank+IS, Calibration standard and QC tubes. 50 µL of IS solvent added to the blank and carryover blank. Then samples were treated with 50 µL of solvent mixture contains Acetonitrile: Water: Formic Acid (50:50:0.1, v/v/v) and were added to the blank and carryover blank tubes. The tubes were capped and centrifuged for about one minute at 1000 rpm. The tubes were vortex-mixed for approximately one minute at high speed.
Protein precipitation Extraction procedure 500µL of Acetonitrile was added to all the tubes, capped and vortexmixed for approximately five minutes. The tubes were centrifuged for approximately five minutes at 3000 rpm, and then the tubes were placed in Methanol and Dry ice mixture. A 50 µL of supernatant was transferred into each tube, 350 µL of solvent mixture Water: Acetonitrile: Formic Acid (76: 24:0.1, v/v/v) was added into all the tubes, vortex-mixed for approximately two minutes, the tubes were centrifuged for approximately 2 minutes at 3000 rpm. Note 2: In each quantitative analysis run a "Blank+IS" sample is included to monitor any contribution from the IS to the analyte or Vice Versa.
Ultra Pressure Liquid Chromatography (UPLC) Equipment and Conditions
Chromatographic separation was carried out by using an Acquity UPLC with HSS T3 column (Dimensions: 50 mm x 2.1 mm i.d., 1.8 µm). The sample injection volume was used as 5 µL. Mobile phase-A consists of Ammonium Formate (pH 2.4; 10 mM) and Mobile phase-B consists a mixture of Acetonitrile: water: Formic acid (96:5:0.2, v/v/v), and the mobile phase delivered at 0.5 mL/min flow rate. The total run time for each sample analysis is 2.5 min. Chromatographic Gradient program used is shown in Table 1 . The mass spectrometry was performed using as API 4000 triple quadrupole mass spectrophotometer equipped with an electrospray ion (ESI) source. The mass spectrometer was operated in multiple reaction monitoring (MRM) in positive mode. The detection parameters are listed in Table 2 . Method of least squares with weighting 1/X 2 was used to calculate the peak area ratios of the target ions of the drugs to those of the IS and the calibration curve was constructed by plotting peak area ratios of BP and ME against its concentrations.
VALIDATION
The method validation for simultaneous estimation of BP and ME in plasma samples was performed in accordance with food and drug administration (FDA), European Medicines Agency and other guidelines for bioanalytical method validation. [24] [25] [26] The method was validated to check selectivity, linearity, precision, accuracy, recovery, and stability. Selectivity was performed by control concentration for BP and MEs and at one concentration for IS. The % recovery was evaluated by comparing the peak area ratios of extracted analytes to the peak areas of nonextracted standards. The assessment of the matrix effect (co-eluting, undetected endogenous matrix compounds that may influence the analyte ionization) constitutes an important and integral part of validation for quantitative UPLC-MS/ MS method for supporting pharmacokinetic studies. It was performed by processing six lots of different, normal controlled plasma samples in six replicates (n=6). Lower quality control (LQC) and higher quality control (HQC) working solutions were spiked with the post extraction solution. The co-efficient of variation (% C.V.) for six values at each level was calculated to test for interference at the retention times of BP, ME and IS. The intra-and Inter-run accuracy were determined by replicate analysis of the three quality control levels along with the LLOQ and HQC levels. In each precision and accuracy batches, six replicates at each quality control level inclusive of the LLOQ and HQC levels were analyzed. Assay precision was calculated by using the formula % C.V. = (SD / M) x 100, where M is the mean of the experimentally determined concentrations and SD is the standard deviation of M. Accuracy was defined as the percent relative error (% RE) and was calculated using the formula % RE = (E-T) x 100 / T, where E is the experimentally determined concentration and T is the theoretical concentration. The extraction efficiencies of BP, ME and IS were determined from the analysis of six replicates at low, medium and high quality value obtained by injecting the post extracted samples prepared in duplicate from each plasma lot. The % C.V. of the area ratios of the post spiked recovery samples at LQC and HQC levels were within the acceptable limit (±15%) at each level tested for the analyte and within ±20% of the IS. Moreover, the minor enhancement of analyte signal due to endogenous matrix interferences does not affect the quantification of analyte and IS peak, which was confirmed by the post column infusion techniques. As a part of method validation, stability was evaluated. Analytes were considered stable if the recovery of the mean test responses were within 15% of appropriate controls. Analytes were tested using the QC samples temperature of about 25ºC (bench top stability) was evaluated for 6 h. The processed sample solution stability was studied by comparing the extracted plasma samples that were injected immediately (time 0h) and re-injected after 24 h by keeping in the auto sampler at 4ºC. The freeze thaw stability was conducted by comparing the stability of the samples which was been frozen and thawed three times with freshly spiked QC samples. Six aliquots of each low and high concentration were used for the freeze thaw stability evaluation. For long term stability six replicates of LQC and HQC samples were spiked in plasma, kept at -20ºc for 120 days, thawed to room temperature, and analyzed. Stock solution stability was performed in DMSO by comparing the areas obtained from aqueous working solutions which were kept for 6 h and up to 30 days at -20ºC with freshly prepared working solutions prepared at the middle quality control (MQC) level.
RESULTS AND DISCUSSION
Method development and optimization
During literature Survey there was no UPLC-MS/MS method to estimate BP and ME simultaneously. The present work was aimed to develop and validate a simple, novel, rapid and sensitive method for extraction and quantitation of BP and ME simultaneously for its pharmacokinetics studies. To achieve this, during development, different trails were carried out to optimize sample extraction, detection parameters and chromatography. Based on solubility properties both the anlytes and its internal standards were found soluble in DMSO, hence DMSO was selected as a solvent to dissolve the standards and internal standards. After trying different individual solvents and mixtures, the extraction solvent mixture "Water: Acetonitrile: Formic Acid (76: 24:0.1, v/v/v)" was found to be most reproducible and gave less variation between batch analysis. To prevent from any ionization during chromatographic separation, based on the pKa values of analytes, the mobile pH was selected as 2.4. The gradient mobile phases with mixture of Ammonium Formate, Milli-Qwater, Acetonitrile and Formic acid resulted in improved response. The matrix effect was determined by post column infusion technique. There was no ion suppression or enhancement observed at the RT of analytes and internal standards. Different UPLC columns were tried to reduce the run time and flow rates, and Acquity UPLC HSS T3 (50 mm x 2.1mm, 1.8µm) column found suitable. The RT of BP, BPd 9 , ME and ME No interference peaks of endogenous compounds were observed at RT of anlaytes and IS in blank Lithium-Heparin human plasma from six different lots. The typical chromatogram obtained for Blank Plasma Figure  2 and 3, and plasma spiked with LLOQ for BP and BPd 9 and ME and ME 
Linearity
The peak area ratios for CC standards were proportional to the concentration of analyte in each assay over the nominal concentration range of 10-5000 ng/mL for both BP and ME. The calibration curves showed linear and were well explained by least squares lines, a weighting factor on 1/X 2 was chosen to achieve homogeneity of variance. The correlation coefficients were greater than 0.99 for both BP and ME. Across the eight points taken as calibration standards the % C.V. obtained over five batches are less than 3.6 for BP Table 3 . And 4.6 for ME Table 4 .
Lowest limit of quantitation (LLOQ)
The LLOQ is defined as the lowest concentration that could be analyzed with acceptable accuracy and precision of 20%. The LLOQ of BP and ME was found to be 10.024 and 10.016 ng/mL respectively.
Precision and Accuracy
Across all the four levels tested, the intra-run precision at LQC level was less than 4.2% for BP and 4.5% for ME where as at LLOQ level it was 5.9% for BP and 5.8% for ME and the accuracy was within the range of 95.95% -103.36% for BP and 97.07% -104.08% % for ME inter-run precision and accuracy were determined by pooling all individual assay results of replicate (n=18) QC samples over separate batch runs. The inter-run precision was less than 3.2% for BP and 4.7% for ME at LQC where as at the LLOQ it is 5.9% for BP and 6.8% for ME. The inter-run accuracy was within the range of 94.22% -100.93% for BP and 95.04% -102.04% for ME Table 6 .
Matrix Effect
The matrix study was performed by analyzing LQC, HQC samples. Average matrix factor (MF) values (MF=Response of post spiked concentration / Response of neat sample concentration) obtained at LQC and HQC respectively for BP was + 1.08 and 1.01 and for ME was + 1.24 and 1.19, where as the MF for 'IS' is + 1.0.
Recovery
Accuracy of an analytical method describes the closeness of test results obtained to the true value. Accuracy was determined by replicate analysis of samples containing known amounts of anlaytes and expressed as percent. Six replicates at LQC, MQC and HQC concentrations for BP and ME were prepared for recovery determination. The mean recovery for BP and ME was 97.9 % and 98.2 %, respectively. The % CV obtained was not more than 2.5% for both compounds.
Stability
The bench top and process stabilities for BP and ME were performed at LQC and HQC levels. The obtained results revealed that BP and ME were stable in plasma for 24 h at room temperature and 120 hr at 4ºC. It was confirmed that repeated freeze thawing (three cycles) of plasma spiked with BP and ME at LQC and HQC level did not affect the stability of analytes. The long-term stability results also indicated that the analytes were stable in the matrix up to 120 days at the storage temperature of -70°C. Study on working solution stability proved that they were stable for 6hr at room temperature and stable for 30 days at -20ºC.
CONCLUSION
A novel, simple, selective, rapid, and sensitive UPLC-MS/MS method for the simultaneous determination of BP and ME in human plasma has been developed. The present method is advantageous with respect to simultaneous estimation, shorter run time (2.5 min) and less mobile phase consumption (Flow rate at 0.5 mL/Min). As developed method is cost and time effective, it is concluded that it can be applied for the routine pharmacokinetic evaluation of BP and ME in human subjects after oral administration of the same.
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